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THE EFFECTS OF A CONTROLLED THERMAL ENVIRONMENT ON PUPIL LEARNING
WERE ANALYZED. APPRIXIMATELY 20 MATCHED PAISS OF FIFTH-GRADE
STUDENTS WERE SELECTED. TWO GROUPS WERE USED--ONE FOR AN IDEAL
THERMAL ENVIRONMENT AND THE OTHER FOR A DEVIATE THERMAL ENVIRONMENT.
THE STUDENTS WERE MATCHED BY INTELLIGENCE TEST SCIREST, ACHIEVEMENT
TEST RESULTSy SEXy AGEy AND FAMILY BACKGROUND. THE CLASSRNIMS WERE
IDENTICAL IN ALL PHYSICAL ASPECTS. TEACHING INSTRUCTION FOR ROTH
GROUPS WAS IDENTICAL, AND A WEEKLY ACHIEVEMENT SCORE WAS COLLECTED 4
FROM ALL PARTICIPATING STUDENTS. THE STUDY LASTED ALMOST NINE SCHINL
WEEXSe RESULTING DATA WAS STATISTICALLY ANALYZED USING VARIANCE j
PROCEDURES, THE CONCLUSION REACHED BY THIS STUDY WAS THAT STUDENT
LEAINING IS NOT AFFECTED BY ATTENDING SCHOOL IN A CONTROLLED IDEAL
THERMAL ENVIRONMENT. (JH)
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CHAPTER I
THE PROBLEM

The purpose of this chapter is to (1) explain
the objective of the study, (2) state the problem, both in

general termms and more specificalily in a null hypothesis, 1

(3) establish a need for the study, (4) state the purpose |
of the study, and (5) to define the terms used throughout J

-z

the study. ' : .

OQjective

This study was concerned with analyzing the
effects of a controlled thermal environment on pupil learn-
ing.

The research was specifically designed to deter-

mine if pupils attending school in a controlled model ther-

mal environment attained statistically significant greater

learning than did pppils attending school in a controlled
non-modeli thermal environment. This study was designed in
such a way as to ensure that other factors affecting pupil
learning would be controlled. In this manner, it was pos-

sible to definitely determine ‘the educational benefits

achieved by a controlled model thermal environment.




Statenent of Problen

The professional literature abounds with state-
ments about the educationsl value oI thermal controlled
environmert in the classroom, A very positive statement
zgoncerning the value of a thermal environment was made by
Frye: "In fact, ecucators have xnown for several decades
there is a close correlation between comfort and loarning.”
A strong case was made for scrcol aix coﬁditioning by Mark
nampton, architect, Iron Tampa, rlorida. Hamzton states,
"The whole reason for air conditioning is that <he child in
the classroom will de better able tc concentrate, and the
teachers will De Detter able to teach." 2

fiowever, the National Council on Schoolhouse Con-

struction i

e

taeir 1955 Guide for Planning School Plants

did not make as conciusive a statement concerning the value
of a controlled thernal environment:
Research has not established & definize

relationship between learning and various
thermal concitions, but many authorities imnly

R. A. Frye, "See liore ~ Hear More - Learn More in Window-
less Rooms," Education Screen and Audio-Visual Cuide,
L'fo’ 27“"’7.

[

Lerry Wright, "Architects Consensus: Air Conditioninsg, Yes
Wlindowless School "No," Nation Schools, 74:62-3,
Dctober 1964,




Lot

Ladihal

that one exists.3

The probiem exumined in this study was to cempara
students' learning achievement in a controlled model thexrmal
enviromment with students® learning achievement in a ccn-
trolled non-model thermal environment. For the sake of
clarity the controlled model thermal classroom has been
referred to as the ideal thermal environment; the controll-
ed non-model thermal classroom is termed the deviate ther-
mal environment,

To be more specific, the following hypothesis was
tested in this study:

H: Trere is no difference in pupil learning in a

" : controlled ideal thermal enviromment and in a controlled

deviate thermal environment.

iieeC For the Study

Education is now of national concern. National
legislation of the past few years can be used t> point ocut
tﬁe nation's growing concern for providing better education-
al opportunities in this country. This nation, through

various programs, is attempting to improve the education of

its citizens.

¢ National Council on Schoolhouse Construction, Guide For
Planning School Plants, AASA, 19t5, p. 112,

©
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One way to inprove the present education program
ie by increasing the learning efficiency of all students.,
It seems clear that if a methcé of increasing students'
learning eZficiency can be found, it would be to this
country's interests.

It is the purpose of this study to statistically
measure whether children learn more elficiently Irn an en-
viroment that is considercd iceal, than in a ceviate en-
vironment. It was beiizved that this study, the third in
a series of such stucies conducted at the Stzte University
of Iowa, would permit generalizations about the learning of
pupils in an icdeal thermal environment as opposed to learn-
ing in a deviate environment.

This country has the incustrial knowledge to con-
struct classrcoms with controllable thermal envirorments.,
Zach year more and more schooi buildings are constructed
with a controllable thermal envirormment. As far beck as

1961 the following statement appeared in the October issue

of Qverview: "Almost three new educational buildings are

being completed every cay with full or partial air-

conditioning."”

q [ d - ® A L * [
» "Alr Conditioning and the Learning Environment,"

Overview, 2:50-3, October 1961.




L il

Not all school buildings precently being con-
structed include provisions for & controlled thermal
environment. Obstacles remain in the way before a con-
trolled thermal environment will be provicded in every newly

constructed school building:

Two major obstacles still scexn To stan
in the way of the universal »rovision of school
air-conditioning. First, neither sl educators
nor all architects havc fully cccepizé the
availability andé firancial practicaliity of
systems controlling high temperature and
humidity. Seconc, beards of ecducation,
trustees, anc lay citizens are stTill not fully
aware that air-conditioning brings actual in-
creases i1n building use and educational efiect-
iveness,®

It was not the purpose of this study to research the cost
of providihg a controlled thermal classroom environment.
However, since cost is one of the major obstacles retarding
the providing of a controlled classroom thermal environ-
ment, it is examined briefly.
The experience of the Omeha Public Schools in con-
structing air-conditioned classrocns is reported in Table I.
Manaing wrote: "In answer to the original cuery

regarding feasibility of school air conditioning, the team

- concluded: air conditioning can be installed in schools

for little additional cost over heating alone, providing the

% Tpid.
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schéol is designed for it."s

Therefore, it dces appear that some evicence has
been compiled to overcome the cost obstacle of .providing a
controlled classroom thermal envirorment. However, very
limited research evidence has been coliected to overcome

" the second obstacle.

Purpose of the Study

Does providing an ideal contrciled thermal en-
viromment in the classroom increase students® achievement?
It is felt this research collected evidence which will help
to answar that question.

“' The Textile Industry reported:

The textile people found that when you
create good temperature and lighting con=
ditions, and control humidity in textiie
mills, not only do people perforn better
and produce more, tyey also procduce a higher
quality of product.

Studies invelving control and experimental groups
with varied thewmal environments, with the exception of
University of Iowa studies, do not exist. Other areas of the

public sector have studied the benefits of having their

William R. Manning and Lionel R. Olsen, "Air Condition-
ing: Keystone of Optimal Thermal Environment," American
- School Board Journal, 149:22-23, August 1964,

ERIC
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employees work in a ccntrollec thernmal enviromucnt:

In 1957, rowever, a Iive-nonth study con=-
éucted by <the 0Ziice o- Buildings Monagenent,
General Sexvices “c:lhu-t“at_o“, indlcued
workers in air ccaditioned spacec have & 9.3
nercent greater cutput than <o wo.?ers in
similar spaces without air condGitioning. The
study also revealed that there is & 2.5 nercent
less absenteeisn among workers in air condition-
ed spaces.d

It was the purpose of tihls stucy to find outr If
similar greater output micht occur among stucents 1 they
were educated in a controiled iceal thermal classrocn

envirorment. Output was cefined as stucent achieverent.

tJ
(]
L&)
e,
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A controlled ideal thermal environacat is, for

purposes nere, an enviroament considerea as iceal by tier- -

"mal authorities. The environmnent that was consicered as

ideal will be cdescribed in detail in Chapter IiI.
A controllec deviate thermal environment is an
enviroment considered non-optinum by thermal authorities.
tudent learning was cefined as achilevement in

teacher-made tests.

s "Thermal Comiort and Efficiency," Ovarview, 3:23,
August 1962,
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CEAPTER II
REVICW OF RESEARCH AND LITERATURE

The purpose of this chapter is to extensively
review the research and literature concerning the e-fect
of a controlled iceal thermal enviromment on students'
achlevement. First an analogy is given of a conirolled
thermal enviromment and air‘conditioning. This is follow-
ed by a review of the research and literature in bota edu-
cation and engineering relative to the effects oF an iceal
thermal environment on achievement. The effect of en-
vironment on health is examined briefly. Next a lock is
given to some historical comments on the effect of a proper
thermal classroom environment. A report of thermal con-
ditions necessary before the installation of a mechanical
cooling unit in school buildings is then examined. This
is followed by a summary of the findings of the previous
University of Iowa studies and the Pineilas County, Florida,
experiment. The chapier is concluded with a summery of
various authors statements of needed research relative to
neasuring the effect of an ideal thermal environment on

students! achievement.

.

m— .




Thermal Invircrment and £fir Conditienings
This paper will use the term thermal enviromiens

when referring to all thermal conditions that would affect
tudents! comfort. A presonderance of writers used th

nore popular term air conditilcning to nean the same thing:

- - PP . . —~ e, . s >
thet ic eiv cvugﬁgloulnb? LG fmerican
e oD amy Ty T ad I 3 e
Assocma»*o“ ol LeatTing, AC;P;OCPQTIOE a2né Al

E“glneers celines it as "the rocesc of treat-
ing air 6 ¢S 0 COnTro. s_mu*gahboualy its
temperature, nu.idity, cieanliinesc &nd dis-
tribution TOC .ielT The recuiraments of the

Alttouzh It may be true that many pecn.c associated

s

the phrase air canditicning with the cooling of cir, air
concitioning ic more than the cooling of air. Because oF

the wide accentance of the idea of

-

fu

ir conditioninz most
riters used ne teri rather than controlled thermel envir-

onrent. However, the writers in the field used the defini-
tion ol the Americen Association of Heating, Refrigerztion

and Air Ingineers, ratner than the more limited definition -

cooling of air.

W.D. Toutz, "Comfortable Climatic Conditions in School
'Buldings," kational Council on School Construction,
Proceedings o the :nirty-ninth Xnnual Meeting, venver,
Colorado, October 1962, pp.66-70.
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ield state that a controlied icdeal environment will ime-

orove learning. ZIZxamples of these writings follow:

L . - Tr W MhER S C AN RS G T S S S S

11

Tdéucation LiTerature

¥any autrhors in the professional ecducational

Teacners nave remarked: Peonla laugh and
say that the air conditioned schcol is for the
benefit oI teachers, but we say 1t is for the
benelit of education. Caildrer used to be hot,
tirec, and scaked in perspiration; now they are
alert and attentive zl1il cay.

The school lant uncer consideration has
been in.usage througnout ali four seasons.
Teachers'! comstents indicated that their effect-
iveness anc comfort increased as well as stu-
cent lga-“;ig. Some evicence exists to indicete
that absenxteeis: was recuced, both student's
and teacher's, due, To lowered transr.ission of
germs anc Giscase.v

'—

31T alr conditioning's real vealiue is in
terms of ecucational procuctivitv, the impor-
tant - albeit herd to measure - goal.t

AHiToough we n&éve not vet collected a body
of evicdace to nrove 1iv, we know that young
meopie lear. Dettver when environnental conditions
wre right for them. Alr conditioning may be con-
sicered as cnc oI the components.

«w

Haroid C. Brantley, "United High'School, Laredo, Texas,"
Anerican School Eoard Journal, l48:65-68, June 1964.

I":ar&ning’ 9-‘20 _C_D-.;_'t_og ppo 22"230

s Overview, op. cit., October 1961, pp. 50-53.

Jonn Lyon Reed, "Architects Consensus: Air Conditioning:
Yes, Windowless School: No," Nation Schools, 74:62-3,
Octobexr. 1964,
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From the above cuotations one can readily observe

that the authors ¢ these articles implied that an iceal

72
'3

therral enviromnent does improve students' learning. How-

rt
@
U

ever, none of the aerticies contained research data to sub-
stantiate their implications., These implications were not

limited to those writing in periodicals, Mincy in his céis-
sertetion stated as ore of his assuapzions, "the‘thermal
enviromment of a school i1s one of the environmental factors
which affects, to & cestain extent, the teacher-learning
process."6 Mincy <ic not attempt to measure the effect of
the envircnnent on learaing.

-~

The 1562-563, i«Ta ecition of the Arerican School

and University containce two articles that impiied that 2

poesitive relationship exists between the trermal environment
o a classrocn end learining. Both Lawrence Siote and Maurice
Jeo Wilson in thelir articiles in the 34th edition of this
publication wrote about this relationsaip.
The application of air conditioning is &n
obvious anc important aspect of human confort

in school and coliege buildings. Air condition-
ing is mainly concerned with the correction of

° 2., Miney, A Study of Factors Involvea in Establishing
A Satisfactory Thermal Invironment in the Ciassroom,"
Unpublished Doctorial Dissertation, University of Tennes-
see, Knoxville, 1951, p. 3.




abnormal aTnosta eres art the congeguent “90-
moticn ol ccnl » Lealth anc efiiciency.

Slote, aftoer advising the maintenarnce o:

fu
'J
A)
O
Qc]
oM
*

classroom thermal cconditions for comiort, health, ancd ef-
ficiency, quotec Charles D. Gibson of California:

o o - L d - - . - - -~

arles D, Gibsoa, ChleZ of the Surcau of
| .. - . e N w T e .a e = - - - - — . -

Schoo1 Planning, Celilornie Stavte Uepartiment of

- - whe d 4
;Lhury. It ;s & dhysical and mental requircauent
for eiffective ucz of a classrocii. Schooiocen
discormiort nmcans inattention, restlegsness, DOo%
behavior habits anc & ainimum of abliity to main-
tain attention To any mental task."?

Wilson in nis carticle stated that air cordition-

ing was being purchascd decause it ]

L]
2]
o
<
Flo
4
o
10}
ts
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et
P
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learning
conditioas:

a2 S S imme A -~ =T eae T S0

at <he el=‘antary, seconuu-y anG college evels

is proceeding &t & pace educators., architects
Ang Taupayers wWoulc have TRoughT nrelestercus
five yvears &xo. esicallv, air coaditicning is

0

beinz suinchased because 1t provides setier

teacier-learaing conditions.?
Wilsor continued Ly citing both the aumber of

the reasons vhy they

£,

schools air conditioned Ia 1S3C an

-3

lavrence Slote, "Achievinz Thermal Comfort in Ecucational
Bu11d¢“b.' fnepicen Schccl and Universitv, 1952-63, 34th

edition, p. Ci.

»
152

Ibid-.’ p. Cl.

Maurice J. Wilson, "Trends in Air Conditioning for Schools
and Colleges," Americarn School and university, 1962-63,
34th edition, p. C5.
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were built with a controlleblie theoial enviromment:

Tre 1550 ;merican School and Unlversizty

Constructica Cenxsus release s.owel xondx 9.5
schoois and collcge buildings completed in
1960 were partially or completely air cone-
ditioned.
Investication into the reascns icy air
.

conditioning any one SChool will uncover Three
or four motivations. Improvement ¢f lezrning
and teaching eZiiciency and effecvive vse of
the educaticnal piant for a lonzer sortion oy
the year are perhaps the strengest rcasonc.+V

Archibald B. Shaw waile elltor of Cveoview, in

an eéitorial wrote:

v - < e S - y— : , 3 - S ]
~€2TL0E LU T.IC QCTLV.LTY L an cducaTticnal
T . Ny g, - - - - L D .
p&“n‘.; eauca \'lc.- qLS tiola EJ&QCCL:\-U .--o\: p&-‘al&b
S e - Y .. S~ 1. " - ot o -
€X1ISTS TO TICORUGTC tellMmiil. AAPOR 250 SRR I SRS

clear, we can casily vizcualize the difference
it makes whel o sweaty student, strasgliing wi
sticky papers, is trancormed into & cool and
confortablie persc.. at work in an enviromient
that supporis rather than detracts Frca his
learning.>1

.~

In a diiferent issue oFf Overvicw, anot-c» article
5

discussed the relationshin between an idcal <hernai en-
viromment and efficiency, noting tuct reseapch in the arec
was limited. 'The article stated, in sart:
' Treraal Human Comfort is oae Jaetor in
i

student efficiency. Tnough rasecarch in tao
area s limited, empirical cbservation bears

10
1l

Ibid.’ PO cs.

archibald B, Shaw, "Lag in Air Conéitioning", (verview,
December 1962,
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out this statemeat. Ve know, for instance,
that schoolroon disccmfort brceds inattention,

. restlessness, and poor behavior and results
in a lessening of mental retention.2? -

Superintendent of Schools, Edwin Istell was cuoted

in School Management as follows:

To my way of thinking no one really knows
what all the advantages of air conditiocning arc.
The possibilities that exist in an air ccnditign-
ed school are just beginning to be opened up.t

L o

Superintendent Estell has severz2l air conditiored
schools in his school district. Mr Estell is the District
Superintendent of the Metropolitan School District of
Lawrence Township, Indianapoclis, Indiara.

" Those writing about the effect of a controlled
} themal enviromment on learning were not linited to the

field of education. Eenry Wright, former editor of Archi-

tectual Record quoted a statemeat by Architect John Lvon

’ Reed: "We know that young people learn better wvhen environ-

mental conditions are right for them, "1t

12 s "Thermal Comfort and Efficiency,”" Cverview,
Kugust 198“, Pe 25,
13 s "dow to Take Advantage of Air Conditioning,"
} School Management, July 1962, p. 92.
14

Henry Wright, "Air-Conditioning, Architecture, andé Ldu-
cation," Architectual Record, August 1964, p. 1lu45-153.

©
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A recent developinent in the building of new
education facilities has been the "undersround" school.
When a schoclhouse is constructed entirely underground it
is necessary to completely control the environment of
that building. Obviously such buildings have been the topic
of much discussion and evaluation:

In a recent survey, mv recorded notes

4 show that cuch schools (underiround with a con-
trolled thermal envirorment) had more places to
display things, were dust free, had fewer dis=-
turbances, were themally comfortable, were
visually balanced, were less fatiguing, induced
more stimulatin; learninsg, and were less exnen-
sive to operate and maintain. Teachers report-
ed the children were learning more than they
ever did under conventional class disturbances,.i®

The article failed to state upon what basis the
teachers reported the children were "learning more than they
r ever did" under conventional class disturbances. Perhaps
the teachers expressed this opinion because the pupils'
behavior was better. 1In fact, Dillard reported this as one

of the advantages of such a school. "Student behavior was

better in the windowless wing (which was air conditioned)

5 . .
1 Georpe J. Collings, "Lvaluation-of Windowless Class-

rooms," National Council on Schoolhouse Constructien,
Proceedings of the .hirty-eighth Annual Feeting,
Atlanta, Georgia, October 1961, p. 59.

©
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than in the conventional wing."18 Appearing iIn the same
article, the entire justification for the windowless (which
must be air conditioned) school was improvement in work
output.

We all kxnow - and this is the entire justifi-
caticn of the windowless school -~ that people
do their best work when {;ee from body stress
and physical discomfort.

Other authors nhave written about other advanzafes
of air conditioning:
Superintencent Tavior recalls: During suunmer
school we almost hacd to chase the students out-
doors. They (thz students) know that they are

~going to schnoci_in comfort and they take & lot
of pride 1in it.

McQuacde wrote a book Schooihouse, in which he
told of some of the probiens invelved in air conditioning:

Ventllation needs are closely tied to
acouczticai needs, generzily contradictinsz. Fre-
quently you want to close a builcding un Jor,

-

ccoustics, but open it up For eirculetion.+”

Zcquade stated that the teacher's confort as well

.
i pniilp E. Dillard, "No Windows, Please o . .And Put
It Underground,” Audio-Visual Instruction, October 1962,
7:50*.
17 ..
ibic., ». 535,
18 . . .
s SCR00Ll Manapenment.
19

Walter McQuade, Schoolhouse, Simon and Schuster, MNew
York, 13858, p. 149,
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as the student's comfort was vital for the optimum learning.

1f the environmental conaitions are not
optimum, thev (children) do somethings about it.
Pity the teacher in a hot or cold classroom
The class may pecssmize (sic) her. Comfort - their
comfort and hers - is not a 1uxurg, but a
physical and mental requirement.?

Manning and Olsen wrote that the teachers in an

jideal thermal environment believe they are better teachers

in such a classroom:

Teachers' replies indicated that their
effectiveness and comfort increase as well as
student learning. Soie evidence exists to
indicate that absenteeism was reduced, both
student's and teacher's, due 5? lowered trans-
mission of germs and disease.

‘ Perhaps a thermal environment will increase
students' achievement simply because students' attendance
at summer schools will increase. Reported Brantley:

Attendance is already better than last
year, and enrollment has increased by twenty-

five percent. The retention (better daily

attendance) rate is also expected to be higher.22

One of the country's foremost educational con-

sultants said, "All college buildings should be air con-

20 1pid., p. 175.

21 Manning and Olsen, op. cit., p. 23.

22 Harold C. Brantley, "United High School, Laredo, Texas,"

American School Board Journal, June 1964, p. 66.
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ditioned for year-round use."”
Althougn many writing in educational publications

that an iceal thernal environment would improve

[a B

<

toe

Impl
student achievement, they failed to identify research to
substantiate their implications,

In recent years nearly all rewly constructed com-
mercial buildings have been egulppec with controlleble
thermal environments. Way nias this aappered?

s firus actually figure they
escing in air conditioning
»

ir emplovees do better work
“ortable. 1in the same way,

Aoaioy bus::.ncs
save mooley .)y inyv
ecul-lnc.o . == ..:?o\-;

if <hey are coulor
efficiency in learninﬁ may Le the pay-off
for coo.ing schools .2

Why have so many in the private sector of the
econony air conditioned their factories? By seeking tc find
the answer to this cuestion it was necessary to examine the

literature o those who cdesigned these factories:

23 gngelharat, “ugeiha“dt anc Leggett, "Educational Spec=-
ifications for Wew College Facilities," A Study of
Bulter County Ccmiunity College, Bulter County, Kansas.

24

MeQuade, op. cit., P 186,
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2iff Cornelil, Plant Zngineer of Industrial
ucleonics, Colurbus, Ohio, said: MAir Con-
ditioning has proved to0 be o beaeficial +to us
that we would not comsicer build ng 2 new zlant

vothout 2it."

bre '.J
S

Zugene A, Sloane hac done consideradble research

The value oI air ccnrcltioning iIn a factory:

tle found foremcn., producticn superv'so“s
and personnal Cimections raving about the benefits,
We Iound forcmen sayins things i:ke: I xnow
production In ny cez.luaent went up 25 per cent
after cooliny, znd that's conservative.

In cace arter cace, we heard werk nmaragers
say: I coa't knmow how we ever got along without
air coud4t: nING in the plent . . but I do krow

that we'c luve TO shut cdewn now i it were shut
off.

Wixh a &0 year life, & payout period of §
Jea”“ resuits. The ajtroximate rate on retura
of InvestT.ent in air conditiciuing is 16 per cent.

mr. Aucust R. Bozzo, Vice President of
Sulova VWateh Co., thxgou nelgn;u, aew York, was
rnos¢ emdnatic cbOUu the rneed for yecr-zround
temperature and hunidity COutPO¢. "We'd go out
of business tomorrow without aixr concltlon*ng n26

-

Sloane then listed sixteen reasons why a factory

saould be air conditioned:

25

26

Zugene A, Sloane, "Why It lPavs to Air Concition ractory
Proauction Areas - Part II, BAdy > Ingineering, February

1963, p. 35.

Zugene A. Sloane, "Why IT Pays to Air Condition Factory
”roductwon reas - Part I," Aip Engineering, January

.
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i1s oI interest to ncte that at rcast tern of

these reasons coulc be a hasis Ffor ~rovicing & ccertrclled

thermal environment in tre classroor.

rdospitals as well as Factorics are being air

conditioned:
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Forxhall in the ’rchitcctucl “ecere Imvesti: rted
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the nmatter of stucdents' lcarnin-~ in

R4

thernal environment:

o - - o - o s pm e ee ™ e iape eme b :
tnertal cernfort is ot a Luni, I oA
. > U T g 20 s e S - Yy e PP

a raquirencat Jor ihe ~hiicsc.hv and Leatal
-"-'C . --? 2 .. —~ - . hd - > -
es-ective use oI a classrocrt. “oloslvoo:
e . = - - R U -V ;o - -
discomnrort nieans lnattentlion, rastleoscnarn:z,

Ity art s P Vel dem o I T U T o sy tea T S ey,
poor oHenavior habiite ard o "Ia7-un of QLT
" L - - Ld * -
L0 raintaln substalined attertion o anv sapras

activity.31

Foxhall, aitiourn in arn incirect 1w, gomf<zac
1o a lack of research evicance chowin: + o fr-va sod icarne
ing of youngsters at=encin.- therml conticlliarn olzsarceme:
rany teachers arc ~cluctan< *o ~= . -o

-
ne -~ . - PP . - . .- — D en
esrect oI & ood classroe:. envincriient on ime

c

® - - - - - - - an -
proving the rraces achicved b students Lo

zuce
of the difficulty of cornariecen it~ These In

2

(9%

non-air conditicnine schools.

Foxnall cic point out *that due o laal: of recearen
concerning the effect oi an idea: tTherial enviromnent on
learninrg, air conditionins was beirns evaluated Lv non-
scientific methods:

Cr. Johnson (Superintencent of Scrools)
pointed out that the evaluation of ai» con-
ditioning as a factor in scroo? envireni.en

must be measured by the juderent of the to
the staff, the counselcrs, and the adainisg

31 William B. Foxhall, "Air Conditioninc for Schcols,"
Architectual Pecord, July 1661, o». 183-184,

32 Ibid., p. 184.
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These judgments are based on many years of
experience and. seem valid although not
statistically conciucive:
l. Attendance a2t the Eunice Smi-h School
(vhich is eir conditioned) iz “a
Littie better™ than in the rest ¢cf
2c school system during wara months.
2. &4cnlevanenT at the Zunice Smith Scrool
comnares favoradly with that in the
e3tT of the schocl district.
Some factucl conclusions are:
l. The teachers are happier.
: 2, tudents and tegchers co a better job
in warm monztas.d

T

Writing in the Ax»chitactial Recond Harold

o
[ ]
)
O
'3
o
(3]

approached the need for controiling the therteal caviromment
of the classrooms in termcs of (l) Neticnul lefernse, (2) key
facilities of depresscd areas, and {3) the incocased pro-
ductivity of the students:

llowadzys peonle have ccme ¢ verare the
scooihouse as the new arsenal of neavicnal
defense where the n.axirum possession o Coc
and knowledge by each and every dudil ic izts
chief weapon in trade. If this Se the case,
taen how the schoolhousc performs - how it
encourages and speecs liearniag - tekes prece-
dence over how indestructible it is and
whether it will live our its cays in lanitorial
easSe.

The key facility for neizhbor renewal in
depressed areas is the schoolhouse, owncd bv
everybody and serving evervbody; the young by
day, six days a week, and in the evening and
on Saturdays, persons of all ages will gather
at the school for educationzl, recreational or

3 1pid., p. 1i8s.
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civic purpose. Because this facilitv will Le
working ",30C nours « year, comfort of the
CCCumants is &t necessary to nroductive use

as it is in anv industrial or commerciai

nroperty,

Contrcllirg the znvironment of th~a netw
ccirool - or the old cne for that ratter - makes
just as much serce for the school bonpd <o it
coes for any cther corporate hody concepyned
with the procductivity of the occurints, v

Ccres concliudec the article with & ste.temernt of

-

wiy conirolling the therrzl envircnment of the clze

8SCC

~

}..l
]
{

was rnecegsary:

1f ledarainy is TC he nMalr_“, he vounr
scnoler neecs to e protccted from tine cnervate
ing and u&g,-QCt:ng discon.forte of an ¢nviron-

ment left to harch and Tickie nature.°?

¥ith the exception of the Universits of Icua
studies, cnly one study in which the effeet of a controllcc
iceal thermal envirorment on students' achievenent wis re-
ported. This s:ﬁdy vwas not a tightlv controlled rescarch
stuﬁy; however its results were of interest:

’nother arca of the studv dealx with
achievement of zhe students during two Full

acacdenlc vears and two summer sessions. Fre
: and post tests were flven for tke var io
o

.darolc B. Gores, "The Case for Controlliment of Lnviron-
ment," The Architectual Record, July 1961, D. 163,

Ibide, pe 163.

o

e
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is lacking,
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& me o=

cenparisons inclucded grade level, the GiZieren
schools, and results of the many subtests ol the
pre and post test batteries. There werc 193 dif-
ferent comparisons over the two vzar secsions and

-
>

[}

those of air conditioned schocl: nac CTeaver mean
geins in 133 comparisons. on nosc of the cenerate
comnarisons were there gains thax tnb researchers
folt were statisticelly significanzs, yet in nany
incidence the tren¢s were 1irn faver of the climate

30

ontrolled schncol.

The matier of students!' discipllne vies also given

examination in this particuiar swuly:

The rescarch teun cid feel that throusn ob-
servations there woelre nmore discinliine iniractions
in the non-clinete coatroiled school tut tahat it
was nore o a minory neture, such as cisturdance

and rest.escaess.d’

The xiands <nc numbers orf stucents Llircsses were

The actuar ciffcrence inm nucd
of illrnesses within the diifcrent
very siight. Thereiore, there wer
ve_ationships cbtained between the rnedl
st abdts ané the climate of <he scheccl -
this is not To say that there were not intc
esting trends in the data that reinforcccd ¢
firdings about ciimate cortrolled schocls.<®

There are those who believe, cven Thougi research

thét providing an ideal thermal enviromment iIin

36

37

38

R o

reating and Vunt¢ldulﬁg April 195%, pp. 66-6Y,

| 1 ] Y

s, "7o Compzct is to Air Corndition," Air Concditioning

Ibid.

ibid,

9 Ppo 66-690
s Pp. 66-69,
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schools co.n increace suuuoent ccrievercat. Soire architects
have 5o0ld Lecerds ol cduzaTion on tue value oFf air condition-

ins school buililn e Ly the incrcase ir students' learning

such buildinrs would ~rovide:

Cn cb;l‘na with cchool beards, Mr, Hartster
caid, " e didn't rake &ny headwoyv at all until ve
stertec talkin~ to then about waat «ir concition-

1noJ

ing wouid €O To the Leirninct =Srocess.
licwvever, all school bcares arorovirf, air concdition-
ing in their school Lulldings dIc rot s-ate such z puilding

~
-
el

will impreove students! achieve.ont. of the iarg
conciticned cenool Lulldinco ever Dullt in low Verk Citv

contained 319,303 scuare JweT ot 2 coct of $7,

schocl hullcing cid

1]
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reasons given

not inclucde increased student iearnins:

A

and Superintencoarnt)
becone cqually prevalent
builzt tocey witrout air
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1n cchoocl T

ct
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concitionin, €2 ororT repa atlo“ for it nayv
beccon.e ousolete Lony kelfore it hac served its
expected userul life of 50 years or more.

Aaditional arpunencs for comnlete air cone
Gitionine wore the trend toward incrcased use of
schools Curins the surmer nonths for special
ar.c¢ rakeup classes cné the Sossibilitv of a 12
monthv curriculum eventually becoming cuite

'

v

,» "Symposium on Schoolrcom Air Conditioning," Air
Lnglneerin~, rav 1962,
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coruion. 40

School districts that have schcol buildings
with an ideal thnexmel envircmnent have continued building
then:

“his school (fully air conditionecd) n
proapted our ofiice to take & careful loox at

&ir condlt’o inc. e believe it will Le the

rule rather than the excestica in the next
iew years.

Realth end thc School Envirommernc

Since this study wee primarily ccncerned with the
effect of an Icdeal themmel envircrment on chudanis, it was
necessary tTo exialne thc elfect of a thenmmel eavironment on
stucent realih, It ic rencerally accepted that the child
vho is unzble 1o atiend scnool regularly whether due to
illness or otuaer causes usuclly does rnot achieve well in
school. A oamarik attributed 10 & survey teanm as they studied
apprexinately 183,000 elementary Texes school children was:

urs

iZ you want to keep your child healthy, don’t send him %o

0 v g ~ vv L4 -s - - -
N LEVLS Sm;t;, "W‘v &g How & New ’1gh Schoor is Being
g

.u-éy aivr Conditl onec," reating Piping anc Air Cordition-
ing, Decenber 1982, p. 93,

s "Scuool With rHeat Pump, Fixed Glass," Architectural
xecord, July 1861, p. ;72.
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Thermal envircnnent coes Lave an e Zcect on +the
nealth ¢f incivicuals. T.C. Ecly statec: YIom the naalzth

angle, the incicencc of rcspiratory diceace is assuncé To

Pauzacrty wrote cirectly L3cut The Issuc of ther-

mnal eavirorment &ad neastn:

bhen air To drv. molistire evancn.ios more
recdiiy frem tle SXIn o .o Licdaces o lceilng of
chilliness even with wa. TosncornoTure ov 79
cegrees o .ore. DXt LI auro Y. vol molicture

C - - -~ - - a P - o~ w— - : -
STOn T lud. W 3FGT oS LnG The TheLT cauling

ThatT TirhTy 12 Cew ZJeolin s That Lo 30 wnecon-
Iortabic. ITSh:r sKin ¢ «lso o Irofu.nT Testlr :
: A
of cry eir. Annowin,, acimfortaslic atatic
' electricity "choocas™ n.olti iy In wov oin,

Rerative nrmicity neaimtalined T L3 to &0
BPeCenT alleviales il o Taloe Toetlens and
gives most wecple & feelins ¢f counlort and well
being &t & temzorature of 71 desreas.

reseameh STuGies on facumoccoceus Lvne I,
The e Thav causes "nmew.cola Stashyloccoccus
elouc anc Siureptococcu. henolyticus trouy T Ly
Tac ceparwm.ents of meciciae enc biochemisiry at
The Ualversity of Chicaro chowed TRatT reictive

42 . N T e X
darreil Body LKarmon, Thc Cocoriinated Clacsroca, The

Anerican Scating Comu§E§,"C?§ﬁd.Lu3£Co, YZohiTan, 1959,
43

T. C. Holy, "Location, Constructicn and Zquipment of

Schoolhouses for Health," Americen Scheol 3oard Journai,
vanuary 1542, pp. 15-20.
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as school administrators and boarcs we.l krow,.
They aisc know, if thcre is a way to cchic.e
acceptable classroom comfort the installatioa
of any equipment that falls shoxt of that pocl
is the poorest kind of dollar ecconcay in firet
cost and in the cost of operation and mainten-
ance.

Eistorical Concern for Schcolrcsoy iir

Controlling the thcrizl enviromaent of a schcol
building has been a rather receat cevelopment; however,
concern over the thermal cenvironment of the classvoorn s
not. As early as 1332, Wiilliam A. Alcott wrote an essay
on the need for proper ventilation:

Holes opr windows should be r.ade irn the roorf
o< every schoolhouse, That the impure alir nay
sometimes be suifered tc escape in that dlreculon.

At the present I will only add, that alt
every precaution in regard to wveatileticn,

hunan wisdom can devise, everv pusil shoull be
requlrec, anc, if necessary, compeiled to Lo

out into thre open air, at least once in an hour,
Probably once in half an hcur is not too often.%b

Mr. Alcott also reported fzilure to provide

proper ventilation in classrooms as the great cause for

5 Edward V. Dostal, "Providing for the Thermal Zanviron-
ment," American School Board Journal, January 1962,
pp. 3“’"37 Y

46 William A. Alcott, "Essay on the Construc=ion of Schoocl-

houses," Hllllard, Gray, Little and Wilkens, Boston,
1963, pp. 14-15,
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teachers leaving the profession:

In lookingy back upon the lanpuor of fifty <

years of labor, as a teacher, reiterated with

many a weary oav, I attribute a great proportlon

of it to mephitic air; nor can I doubt that it

has compelled many worthy and promising teachers

to qult the emplovment. “Neither can I doubt,

that it has been the great cause of their suR

sequent sickly habits, and untimely disease. 7

In the essay, Fr. Alcott expressed the feeling

that it is inexcusable to make a child live in a poor class-
room thermal environment:

How prepcsterous and inexcusable would

every one resard it, to give them (school children)

their food constantlvy minrled with poison, or

their drink with pernicious and loathsome insects.
. Yet it is not less inexcusable to furnish them

with half corrupted air, or that which contains

poisonous gasses! The food is given but three

times a day; vhile the air is admlnlstered every

moment, The child is at liberty to receive or

reject food; but he is for&gd to breathe the

air in which we place him,

T. C. Holv took the following statement from the
journal of Samuel Lewis, Ohio's first State Superintendent

of Common Schools:

The grounds on which the (school) house is
built should be high, dry, removed from marshes,
and stagnant water, not too near much traveled
highways, yet having convenient access to it
from every direction.

“7  1hid., p. 40,
Ibid., p. 27.

48
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In towns and cities a 1ot should be selecct-
ed, perhaps in the outskirits of the plat, cer-
tainly an open air situation, affiording unod-

tructed light and air on all sides. Tris is
much more necessary than is comnonly supposead.
If the house is dark, and ill ve“tllauco, the
children nay be expected to be cull, and care-
less, and disorderly, and probably vnhealthy.

(8o

The above statement was written in the vear 1838.
During the years that followed a great deal of attention

was given to providing <the proper ventilation in the class-

Yoo
in the surge of school buildiny that follow-
ed Vorld VWar I much pregress was mile in improv-
ing thermal conditicns in the classrocms. By
1929 the unit ventilator was the accented
standard,S0
rfiowever, when the great depression cettled over
this country, schoolhouses were no longer consiructed with

unit ventilators. Unit ventilators were considered too

"costly" to install in schoolhouses constructed during <he

depression.

Unit ventilaters begen to reappear In school-

,houses constructed following World War II. Beginning with

the sikties, a few school buildings were air conditioned;

"9 Holy, op. cit., pp. 19-20.

50 W. D. Foutz, "Comfortable Climatic Conditions in School

Buildings", National Council on School Construction,

Procedings of the JLhirty-ninth Annual Neeting, Denver,
Colorado, October 1962.

o)
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most school buildings being built without complete themmal
environment control had provisions for adapting the build-
ing to air conditionins should the need arise.

There arpears to be a definite trend in
ecducational building toward providing more
desirable environment air conditions whenever
possible. This trend is grewing out of a con-
viction on the nart of educators that an atmos-
pheric environment attuned to the student's
| needs pays indirect dividends in the form of
better student-teacher relations, greater
student satisfaction and comforg1 and increased
student efficiency in learning.

Heating the schoolhouse is not the main problem

in providing the ideal thermal environment in the class-

‘ rooms: .

Authorities are now in afreement that
heating is no longer the central problem. Vent-
ilation and cooling are the prime consideratio§§
in maintaining an optimal thermmal environment.

Mechanical Units Necessary

This section of the chapter presents the thermal
conditions that are desirable to be maintained in a class-
room. In the previous section it was stated that heating

is no longer the central problem in providing the ideal

thermal environment:

51 Slote’ 92. é_i;t_o’ Pe Cl.
52

Manning and Olsen, op. cit., pp. 22-23,
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It aoncass e ne that Thc nrollen ¢f uhat
The <oeton o eriteria vill he haszd around gkould
Te anctere.. L0 aTien as awults, we listen to
& Toacher's o vmingi~al's remarks and are
.7 fected moctly L statzuents that we derive fron
Thielr convercaticns when actuelly our decirn
criteriz stould e hased entirely on the children.

T tl-ink that

4 wtabdos

e
L)
-
~
1344

could ancwer the auestien Ly this
taterment: "The child cheuld rot he distracted
:y The condition surrcuncin; him ned
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Vevvin B, f. dohnsen, "”Lhn.*nt Trnermal Comfort in
cehoolinys Suilcings," saticnnl Council on Schecolhouse
Construction, Proceedings oi tne thirty-ninth Annual
Feeting, Kansas City, Missouri, October 1959, pp. 27-30.
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house cooling was necesszary:
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variably if the c asaroo:s CO nuT neve mezuanslon
refrigeratio:. “-chu, 925 oI <tnz Zluissooon
hours are above e in ST. Louil:z -: i
Cleveland, 34%. ﬁcchanical ’g-rig alol , “hen,
has alvways been mcedea 2n schocns TROSUICoUT Thc
country to obtain <th. masimw: henait “ten e lu
cation the entire schcol veop,vd

,\

(Di-{
(—J.

One of the nation's lavsest mam
ing and air con ditiocning eguirmert resorted in fts 17
ature that students will profit great.y Irom cn Idell thepe

Lali environment:

STugents exparience rouiily o 2% roliovion
in learning ability for eves, Cegree The noon
Tenperature »ises above The CpTIrun. Thus, Jor
maxinun learning eis ciency, it ic cscerntial

eifi
that ace quate voolirg ac well as aceving e
provicded in the class ;

Ai» corditioning 1uo improves atiencdaace
i the 3_ ring and fall months. Jery abzentee-
isms resulis from the disconfort associated

with over neating.”
As in other previocus statenents telliing of <he

XY

gains to be vealized through an iccal t thexmal environzeat,

)

no reference was g in upoa which the figu wele Sased,

Slote summarized the pProolen oxF staving thz cri-

teria for selecting the proper mechanical units wiat are

°% 1pid., p. 63.

59 » The Charging Pattera of Fducatio

on
Y10UTicn of Ain ONALTICRING, JOAr u.‘?é”E*" inLC

?F iladeiphix, ra.
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necessary to maintain the icdeal thermal enviromicon<:

It is impossibie to set optiiun air con-
dition starnderdés for cli situcticons Tecausce The
determinants vwhich make up the craadards or so-
called comfort zcne, arc quite cub’cctive. Thece
deteminants vary with are, sex, bodv build,
clothing, act1V1uy, uytiti»CS, anc _the adaptasiiics
characteristics of the indivicdual.Sv

An.extensive review of the litera.urc revealead
only one source of writter researcnh that woe compareble To

this study. Thils one studv was conaucted in “ocint co-

operation by staff members of Educational sychaclicey an
Educational Adainistration at the State Universitv of Iowa,
Lennox Industries Inc., and the Savdel, Icwa School Dis-

trict °

Peccolo's Studvy

Dr. Charles Peccolo was the resezrcier for this
study. The study involved 44 matched nairs of “ourth r»ace

students and were cdivided into four groups. .ackh yroup was

et
,J
>3

in the study for three weeks. Two groups were taugh
the model envircnment anc two groups in the reculer {(called

narginal) clascroom ernvironment. Students in the molel

60

Slote, or.civ., p. Cl.




classroom were referred to as the exncrimental grous. The

reasuring tasks for iiis study consisted of a repeated series
f ten paper and pencil tasks. The study was concducicé frem

Maren 19, 1982 to May 1, 1562. The results of the stuav were:

On the wholz, the exzderiment showed lorge
improvement on The Sart of every child Teking
part in 10 <tyncs of work, In eveony task, how-
ever, the exnerimental group which occunied the
rocm with mocel therzial concitiors, innproved
nore thax the cerntrol grous. The results of the
study were
l. Th Ticently higher gains mada by
the experimentel group 1ﬂ—
at The prescribed iceal thor-
com eavironment was superior
ary tremal envirvomment for
3 &nc sone clerical tasks.

i

2. The superiority of the experimenta> sroup
on the rew concepis Ta&sKk was NnotT sifaile
icant and nay have been 2 chance clifer-

ence.

I"

3. “he interaction between Trizls ar G
and Treaoents Lndicated the prescribed

.. 2deal. thermal clessroon cnvironmcnt
v\

Jovered the experimental group in &l <he
tasxs, altnough the ex perimental effccx -
varied in scme tasks from level level,0+

McCarclcls Study

A second stuady was conducted by Robert Mclardile

nowever, the fincings of this study have not been written

&s of this time. Thils experiment was conductea frcn

1 Chariles Peccolo, The Iffects of Thermal Environment on

Learaine, The Iowa Center -Or Researcn in SChoOL AG-
R A [t . J ”~
ministration, Iowa City, 1962, p. 29.




Ogreter 15, 16¢2, <hrcush Iecomber 1lu, 1962, In s in-

o

vestipation the learning cxneriment was concucted with
sixth frade pvunile In & rowe: and a recular (called narcinzl)

Thermal enviromnent. Sate ororramned lcarnine rmatericls were

o oy 2 s vy - n e -—— . ey ™ P, —
AS stated adovi ire contloTe Tesulic o tais sTulr
- vy < - ."‘ -‘q—.~—\—” ®- o an oy Q - -\:. - ey YL ] -l—c -
arle nOt J’e\. 1. DCEearlC.. Crl. SClle Cl ca.C " YESULLTSE QX

YeCardlels stucdy are avalliibli., Thesc were arnounced at oo

: trhermal envirowient conference in Cricapo. Lo & result of

S - -~ F4 T Y Ao~ deon ~ - . VA~ opene PP S
this conferernce tre following statgments were written, cuthor

— . x - LY A 2 ~ e .n . - - A : R ~ - -
not listec, in the April 1Co4%, issue of the American Screal
h) -
‘? Boara Journai:
Lo B S - - -~ -t - an S - S -3 - P
} — ot CC‘: TS at\l\.&,.. oS e I".. ¢.n..(’(1 LTI IICON G-
Y4 be-:c: TIan Thicee ia The nar~inal oot Tor TasTs
Tee ¥ cnem -~ - <" - . - feqee= 4 b R O -

CASLAINLOTEYEG In thc rernine, Lyt the alternooen,

3
N - I T

Tae a0 Llld =700 e cults tvare il
hal

Tran the [.¢Cll room recilits.  “ha resaaronoUs
alsc resortec trhat tha hirkhe Lilizwy leevre: o

. the nayrcinel »com dic sCmeircw LeTTA™ Thaa ~ac
Kisn-ebility in the nodel »o-w, lut the lou-ariiite
icornays in the xcocel roc i SOTTEY Thon Tnoln
COUNT .MIEDUS i the gy I1nal »reot.

noune scehulrry TLoue, tae towsl vrensm Srl-
ceatu dic hetter theon Tthage in the marcinal woor,
-n congiaerin: Tae nunher ol arrors nade tn v
YOG, The Lanrinel rocr: w24 raeh Lisler In
nunmler 0 er¥iers mace, vith the nodzl roon turi-
TS

ing o o Tircuch the proorern makire fewer oronern,

“here ucre Jar nore ertors In The narpiac
room in the norning; 1.3 In the modcl roc anc
1.9 in the r.arcinal reom. In the atteracon Theore
was not much cifference in the perfermance o) ihc

ERIC
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TWo, ajaln 1ac . ' paTier perior-
4 - ._.‘~ ~ :
Mance 1n The arttc “Ne ILOTNINT.
m - LY >~ _-_0—‘_0__ - - . ! . . - .
The Nish-alillTy .earn ne aZterncon
,. --~ﬂ P LX) -
\A bdac alsa- bad
- -~ LR
cac low-
- b o~ -
rcagsced Trerencous-
- - L -
1Y as you ncecvea G o c nargingl
CONe

-

“
o
_~

] - .. i - -_‘
in the mooc. ToLan Ao
nargonal env.ronieat
verse eifect on che 1

the ailgh-ablility learrer.

R L

rature regaercing tightly
ly been compieted con-
the thernal cnvironment on learnine.
3TU
Know.zL2e &bo PIO% ST rmal
environnent,

moGel thermal eavirc.ment on learning can

62 - - . :
s rress Confercence Report, "Two Studies on Thermal

Znviromnent and Learning," American School Board Journal,
Lecermber 1963, pp. 22-24,
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this particular stuay.

uthors Zave rnoted thaet researca easur-

fu

Several

ct

1s needed.

O
fu
H
o
e
s
(4

ing the effect of thermal cnviro.n.ent on 1
Concern over t.e &die.ace o empirical data on the sublect is
apparent:
Miney in nis dissertation reccgrized the problem:
searchh In the areca of the alect of the
nviooanent upon learning has been rather

An article in Cverviow, author not siven, said:

I nwsan cofortc is one facter in
' _"o“g research in the area
SEeYVaTlons ue rs out
< W That sSCchool
confort oreecs i:attercion, restl~ssn
POCY LeLaVIOX ind YresulTs lescse

;:uC‘l LGJ. rc‘caa‘:.C:-Ooo.

glielonin; TO stucden
not on.y ‘to convince by
inportance, dut because the therma
ing svsten best Zor a particular
vion Thae wind of building, the ol

wudents Involved., Al of these factors nust be
weigneG carcivily before a themeal-comfort plan

(o))
(3]

Fred Stuart ana i.A. Curtis, The Pinellas County Exper-
iment, Climatc Contro lad Schools, Cooperative %es»arcb

@ T s

PTOJECT WO. 1007, ASLAAL NO. R.D. 36, 1964,

Mincy, o3. cit.s D. 5.




w

1s chosen. As th
wecuitive
Gecisionc.

o’

The Unilvers.ty of Michigan hes cenducted scue

related research in this crea:

The Deparwient ¢ Architeciure ot Tthe nai-
versity of Michiran renorsts Chat The Unlversity
is conducting C case ctidy cn Leerning in tvin-
cowless schocls ct wayne, ichican., The stuly,

! part of 2 larger rescarch uociect zusnericd by
~grants Zrexm the Zducution Tacililces, seciis only
I WoLLle view

TO measure the Impertince of an ow’
to the learning »rocess.

- P [ ot - = - —~ ot o =
LOC TEDODT ST kel TLAT UAe aalnnel? STUL) fas
Ben Mm e PR - ot =
SO Ial Zegen corecarnec LALnAV WiITR & SeaExel O
. . S - ~ - 2 iy v .t
CHISTLLE ~lTgratTure, -.a€ PICTECT IZnCs (e
literacure SEUS SUCh oHOoUu™ ~he ol Tmas AT S At
Lteracure S&YS UG adOuT TnRe LLllegT Cc. —gear e g
) - - T~ yeaa st - "~ - B S A= PR
(4 heat, air, and sound on The vhaysical com’lort on

-

doga oy ym o ~. e o - e - =
STUACNTS, JUT _LTT.2 O aAcyw 0y evaen

“wegerm o AmT Eorynooe Sy ce T T aAm g
P P.‘J“Q*cc.&* COm-—O“\-S C....QCL L.ﬂo\: .Le(;r.t.—-

Usually the questlion itself srovoxc: the

- swogestion That a certain ancunt of disconfort
22y Se essential to & fool lewrniing envirorment,
Toe report continuos. However, So _ar 2s we car

r dIisSCoVer, 0 One reEily Xaows o has even Tried
To Zind out., Incced uye rind precicus Livile
cZleement &mong educators anc noycenolocists &s
TC what constitutes e lcanrning orocess itselfs

. like many other rumans, learning has clwavs been
taxen for granted, anc s now just beginning to
be stuaied for its cwn sake.

y Overview, August 1962, p. 25.

Q
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The task of evaluating any school environ-
ment is admittedly very complex .66

Wilson writing under the heading "Needs of the
Time" stated:

Educators are under greater pressure than
ever to provide optimum teaching programs for
gifted, average and retarded students. All this
at a time vhen enrollments are increasing fast,
taxpayer resistance 1s high and competition for
teaching talents is keen. The administrator must
search every avenue for efficient use of his
instructional staff, plant facilities, and teach-
ing aids. Air condition%ng can supply the answer
to many plant problems,®

? ol

Another reason why the effect of an ideal thermal
environment for schools needs to be measured is the growing
use of school buildings during the summer months. Carroll
and Bareither recognized the trend toward increased use of
school buildings:

The educational building of tomorrow must

be designed for year round comfort conditioning.
A fast-growing population of school age children

and education-minded adults means that the
physical plant will be open many more hours each
_ day and continuously through summer months.68

66 » "Current Study Probes Effects of Windowless
Teaching," Audio-Visual Instruction, October 1962, p. 539,

°7 Wilson, op. cit., p. Cl2.

68

J. Raymond Carroll and Harlan B. Bareither, "Comfort
Conditioning for Educational Buildings," American School
and University, 33rd edition, 1961-62, C1°7

4




School systems that c¢o have air conditioned build-
ings keep constructing them without the necessary research
as to their educational value
' The advantage of air

provides a better envixr

learning proaess., Comniu
perience with air conditil
building them.b

The value of providing controiled lceal thermal
enviromments in school buildings should be for the students!
benefit:

Schoois andé colieges are placcs cf lezornin

The first consideration of their >lant ces

the welfare or the occvzants and improverant C
thelir learaing CDDOPthultle T

A challenge has been given to those in education
regarding the value of aun ideal theraal ervironzent:
The challenge for education is to pile
evidence on the contripution air con ditionin
makes to an efficient learning CﬁVl“Oﬂnent, and
then to guilde architects and enk; eers toward

the construction of air-concitioncd buildings
within approvec budgets.7l

(!)

P

) 1.
§ §-3

1 00

N 3 - '\’. s m
There are at least Iwo persons, Pend anc Themas,

69

"The Price of Better School Buildings," Amnerican
SCRoS1 and University, 35th edition, 1953, pp. L/-50.
70
' , "Air Conditioning and the Learning Environment,”
Overview, October, 1961, p. 50.
71

Ibid., pe 50.




Lo
who L2 slieve ideal thermal environment schools wili not be
built:

Despit: all its virtues, air conditioning
will still he considerad a "Ixill" Ly the Amerlcan
public and for many years to come. Apzarently it
is easier to put a man on the moon than to air

condition all our cchocis.’
sSuraam

, Many statements can be fcund in lifercature implying
that a relationshis does exist In the classroon between an
ideal thermal environment and students' learning. =How-

ever, the research in the &rea

-+ - [, | e - et -
s too l:mited to pase tThc

s

relationship upon scientific evideace. Apparently jucge-
ments have been made wholly upon subjective and non.scien-
tific evidence. This study does contribute To our knowledge

concerning the effect of environaent upon learininy

«® L]

N
12 william Perna and-Joe B., Thomas, "Myths and rec
‘;ﬁ

Ventilation," American School and Uriv
edition, 1963, p. &2
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CnAPTER III

EXPERIVYENTAL PROCEDURLS AND CONDITIONS

*

Furrose of tae Chapter

This chapter presents the experimental procedures
and conditions that were followed Curing the course of the

study.

Bas:c Procedur

Briefly the procedures follcwed in the study were
as Iollows:

l. Tweaty-ts

20 hed »airs of fifth grade
were cele czca

o twWwo classrooms.

-
us1ls

e

2, A controlicd <thermel environment that wos cone-
siaurca 1leel was maintained Lin one classroom
and i a secorné identical classroom a deviate
Thermal enviromment was meintained.,

3. ?rom €acn natched
tLe congrolled
nd the other stud
ceviate tThernzil env

» one student was placed
al thermal envirorment
was piaced in the
onment.

Mook f

%o The teaching of selected skills and subject
(0eas was c]oue*y contr0¢led. The ins t:ucuion
in the selected skills and subject areas was

the same 1n both cliassrooms.

T students' achievement in +he selectcd skills
ana S‘bjCCL areas was accuratcly measured.

6. Statisuvical tests were computed ‘to measure
student learning ‘n the controlled ideal class-




K adihdl

room thernal ewxi anent as cor &c;Cd tc ctu-
dent learnins in a coatrolled ceviate class-
roa. thermcl envirorment.

Thne study was conducted Zor eirht weeks and four

days, September 7, 1965, thrcurn llovenmter ~80%,.,- Schoois

ia Iowa traditionally begin the last weeX iz AusZust or *he

Zirst week in September. Since the siudy was conducxzed

-
N
W s

o
Lige ]
O
3
N,
e
J
P;

r\

rily wern Iowa sch00l months, it wis necessany

to use mechanical ccoling units in orcer tc maintain <he

cesired idezl thermail classrocn chvironment.

The stucy begin one weeXx aiter the Saydel School
District started their school vear and extended “or elzhe
weeks and four cdays (approxiiacely one-fourth of = schoo.

° . -

year). By conduecting ihe stuly during this marticular

motivation level of the Iwo groups wat more nearlv ecual &t

this tine than at any other time of the school year,

Studants

ne students that participated in the siudy were

fifth grade students of the Saydel School District, Saycel,




v

.were matched orn the follouling

51

Iowa. Tifth grade stuccnts were chosen for the experiment
since (1) fourth gracde students werc used in the first study
and sixth gracde students were used in the second study, (2)
the students were believed cic encugh *o foilow directions

used in the various tests, (3) tThe resecarcher was interested

-

('.'\

in measuring pupil achievemen<

be !
s

ccacentrated period of

}
b
o

hendwriting lessons a+t this

r-"

rade levei, c¢nd (4) the availe
ability of adequate programed sclence naterizl for this
particular grade.

Twenty-two natcaed nairs of students were selected

for the study. The »airs ol zswudents in the two classrcons

(.

naracteristics for this study:

- 3asec orn the intelligence tests

i. Inte
o) dn;n;vgbrba To t.e students.

liigenc
»eviousl

N4

-

£

f

2. Achileverment - based cn the recsulis of the Iowa

Test of Basic Sxiils., TFor matching purposes
the overzll compos;te score, the arithmetic
composit. score, and the spelling score of
each Dusili was used.

The results of the imatching ére sunmarized in
Table II. This table iists the student number in colunn 1,
the inteiligence score in colunn 2, the overall camposite
score of the Iowa Test of Basic Skil.s in colunn 3, the
arithmetic score on the test in column 4, column 5 has the
students spelling score on the test, column € lists the age

of the particular student, and the sex of the student is
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listed in column 7. %he remaining colunn in Teble II contains

information about eacl. cuardicn
Llso shown in Tablc II are the nicans ang standaxd
deviations of each of the characteristics on which tThe stu-
dents were mmatcred. The neen Intzlligence cuotient score
for Group A was 1Ck.5 and for Crous 3 the mean was 105.2.

r -
FoTN

Group A has & iean composite score on the Iowa Test ©

n
§-
0O

Skills of 3.65. The mea.s on Tals test for Growg B was also

»

"3.65., Group A's meen on The Anitanetic Cemposite Score on

the Iowa Test of Basic Skilic was 3.82 and Grous 3's mean on
the test was 3.65. The remaig-:” scére uscé ror matching
purposes was the spelling scere cn The Icwa Teso of Baslc
Skills. On *the speliins score oI the test, the mean ol Group
A was 4.01 while Croud B had a mean of 3.%8 on %he sjelling
section of the Icwa Test.

3oth Grouns A arnd 3 were sudbdiviced 1nto two
levels.‘ These two levels vere (1) a hizh ability level and
(2) a low ability level. Thc stucents in the two Groups had
been matched on the previously cited criteria; e.f., ink-
tellegent Quotient Scores and Iowa Test of Basic Skills

Scores. Students having the icerntification numbers onec

(8]

through eleven were placed In the high ability level group
£

and those students naving the identification numbers twelve

I T




through twenty-two wers placed irn the low ability level - o

group.
Selected stavistics werc
Dlacement of the students inco the

were calied ¢

[ a8
3
=
-
fu
o
]
o0
=

telligence score fcr the high zbi
and for the low ability level
quotient score was $5.2. The
Iowa Test of Basic Skiils was 4.352
level groups and 3.27 for the
high ability level groupe had a
arithmetic conposite score of
and 3,37 was the mean for the
the speliinz score of
level groups
a mean of 3.47 on the spelling

Basic Skills.

Classrooms

gIoUD

low abilizty

the test the nmean:
was 4.51 while the low level aba.l1

scction of

computed follouing The
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Va
TABLE iIr: ’
GEHERAL DATA FCI. AZILITY LIVELS
GENERAL LATA FOR THD HIGH A2ILITY LIVIZL CxCUES
(Identification liuwnbers Cne tavough Tleven)
Experimental Grous - Croud /-
19 ITBS Arithnetic Swellins e
Sum 1241 LY 6 42,1 53.0 iz
Mean 112.8 L.05 3.85 L,k 151 M=6
S.D. 9.79 092 ¢8\S ::..35 .29 I‘:s
Control GCroup - Grou- 3
1Q ITRBS Arithrmcetic Spelling Are
Sun 1277 43.9 43.4 49,3 113
Mean 11601 3.99 3.94 “‘"t."r3 lo .3 :':':7
S.D. 8.52 .98 .82 1 5”’ .uq’ F:“;

14
O

Mean 1lL.8 L. G2 3.50 L5l
Sele §.32 o84 e 33 1.u7
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GENERAL DATA TO 5
(Identification nunbers

i

57

TAELE IIT (con'd)
ITY LEVEL GROUPS
fwelve tarough Twenty-Two)

P
-]
Pl

Sun
Mean
S.D.

Zxnerimental Crecup - Croup &

IG ITBS Lrithmetic Spelling Lye
Sun 1057 35.7 37 % 33.2 102
Mean 96.1 3.24 3.0 Seu7 3,9 =0
S.D. 4,66 .51 12 1.30 .51 I=5

Contrcl Groun - Croup 3

I0 ~T8S Apithretic Scellinn Ace

oomde 3 19 pam el camne
Sum 1038 30.3 30.¢ 3842 115
vcan 94 .4 3430 S.3Y4 3.47 1C.5 M=3
S.D. 10,73 «5S oDl .91 .50 F=6

Combination of Low Ability Level Group

IT3S

2

Lrithmetic Svelling Ane

72.0
3.27 3.37

.60

ty 1

-
H




Icwa, is for iie szeqific pursose of finding new, improved

.TC ceiling height

o
(4]

thic study. This Recearch Scheol locdated in Des Moines,

2

-

and econornical métnccs of providing cdifferent-thermal class-
roca environnent.

The floor plan of the school is shown in Figure 1.

m
(.)

The school has <two classrooms. Each classroom has 1

exactiy the same square Zeest area (630 square feet). Both

rcons are idcatical wiii orne exccpdiiony onc classroon's flcor

g eignteen iaches greater than the other

-

‘Jl

rocn. In the two previous studies carried out by the State

-

iniversity of lowa the wliffercnces in floor to ceiliny dis-

o

Tance nad no erfiect on Hupil achievement and consecuently

coth classroons could be treated as though they were ident-
ical.,

the schoel was not built for
The specific punrpose of carrying on resular classroom edu-
cation., However, tae school was desicned by the architectur-

al Zinma of Perxins a

o

G Wills of Ciaicago, Illirois. 3otn
classrooms were SO cdesigned that each classroch was seli-
contained in all respects. Each room has its ow.. book
shelves, Located at the rear of each classroom is a pupil

restrocn.

'-\ [
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Also locatec at the rea:r of each clessroom is the’
necessary rechanical ecuisment thrt is used to meintain the
desired thewmal conditions in elther of <he two classrooms.
In addition this erea contains the necessary Instruments Zor
measuring and recording the thermal environment of each
classrqom.

for the sake of ccusleteness, the “U" Tazotors of

the scho0l house are pal:ip

\_l

orted: Celling cnd RX00f .13; Ex-
29sed Glass 1.13; Ixposed Walis .303 Tloor Last Rooxm .S5
Floor liest Room 1.90. Tho YUY Tactor is simply a measure-

> - e '-..- - - - - . - ..!:Q > - — Lans)
nent of the rate of =cat Loss in a bulldinc A

~ Wt
[ J Py v

Jacters of the Reseerch Schocl are cuite rormral for school
nouse construction in Zowa.

unch was servec by a zrivate catering service;
however, the students that particinsated in this study paid
the sane pricé for their lunch as other Savdel students eat-

Z..g the lunch servel by the Saydel School District. Each of

the two groups of stucdents invoived in this study were

Esear

sexved lunch in the hail at the

v
[

n Schooli and brought

the food back to thelr owvn clsa

]

srocr Ior eating.

Thermal Conciztiocns

The mechanlcal units The Reszarch School were

AQ




e At @ =8 o - i 3 ‘

capeble of maintaining The cesircd classrcom thermal en-

vivenmment. To» this study on: ciessrocn had @ controiled

|
|
|
|
|
|
|
~hermzl envirorment that was considered as ideal. In the ' 1
scccné classyoom a ceviate thermal environment was naintain-
ed. At no time during the stucdy uas the tiermal environment 1
in the deviate Thermel clacsorocn Whe same as that in the *
cor.trolled ideal -.nermal chnvilorent.
Using the exjperience cainec In the Zirst two ex- ‘
seriments anu after wn cxtenzive review of the Literature,

<re Follewiagz <heraal enviroanent was maintalned In the

Iceal Classroon:

C‘
% m-va .y . PO - — c < e -
. 1, Tomperacure In Tnd »ange o 70°F. to Th°r.
- s e e eme [, - = e~ Do
' The ILLCOANICEL CLULILCAT An each Ciassroom
L &
raintalned tenperaiure to wilialn & plus
. = ey~ Sn A = bt Je
.’ c» minus cne dezrec of the cesired temperazure.
¢ =19 hous Yrpeone= o ——y go - i ::
2. numidity was kedT betweean & and $8 per cent.

ce [y movement waes in The range of 20 to 0 fpm.

[ < wa g e - S
L, L£1) ciassroon air was Iilterel through a
Slanket~-type Iilberplass Ixlter,

al Clessroom; the lower end of

=
o
3
[
o0
O
F’(
J
U‘
’—)
§te
4]
o)
¢
Ty
.
S
!
5
w
4
{1
¢
o~

this ranpge uwas ccensicercd optinun for the neaulng season and
the upper ronge was coasicerecd optimum for the cooling sea-

son. The difference between optimun winter and summer temper-

atures was based on the resuits of a study conducted by the
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Several instriments were used To meLsure Tae

thermal data used in the study

ments that were used ar

ERIC

Aruitoxt provided by Eic:

. . .
T e e m s s
ALl Thc neasuring LisTru-




6

ERIC
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chermal tests and mainvzince the Thormat cond_voons wsed
in this study.
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ing thermocouple reccdines Irem ~I0°7, %o 20090, This maa

corde> was calibrazted To &an ccaue &CY €l Cona=hall of coe
cegree. The recorder nrinted thne Themocouyie mead

multicolor in a cvcle o cne reacins everm: Flvs econns

s - e e oetas @
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The chart speed was Z4 Inches scn hOUP.  roosolec so =h
chart were four eir CONMDEDATLCNE Deddintl LT Thoe sTudenyis
desk level; one tamzeratule Yeolii- WiS Toxer o eaCh cuad
rant of the classrooms. &Llcc raconced on +h SRl
cry and wet bulb reading of the mechanicel oe ver.ocmaeer.

For every minute between $2339 hours and 1650 hours the

crart had 12 readings, six for cach »oom.
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To insure the accuracy of the themiccouple read-
ings, the Research Engineer checked the recoricr Ttwo Tires
each day with the Taylior mercurial thermcncter.

The mechanical psychrometer used o mc.sure humicity
a: the stucent desk level had a standaré wick ané rave wet
and dry bulb readings. One mechaniczl psychromecter was -
located in each classroocm. Tie accuracy of the mecharnical
psychrometers was checked iwice each doy witn a siing
psychrometer.

A vare-type anerométer was usec to nmeasure the
velocity of the air discharged into the classroo=s tv the
nmechanical equipment. Thc ai» moverent at student desk
level was measured with an Anemovher:-Mocel 63 hot vire
anemometer. Tanis is a theimai-type anenometer and gives
a direct reading of temperature, velocity and static pres-
sure. It has an accuracy that is zcceptable for most
laboratory work.

in the students' homeroom at the Norwcodviile
Schools a Brown Instruments Thermo Humidigraph was the in-
strument used to record temperature and humidity corntinu-
ously on a.24 hour chart. This was a Model 612X21KL-X-86

instrument manufactured by the Brown Instrumerts Division

of Minneapolis~Honeywell Regulatoxr Company. This instru-




ment was capable of recording temperatures from 0°7, +o
100°F, and of relative humidity from 0 to 100%,

A thermal condition of the Research School wa;
recorded every five seconds of the day during the stucy
fran 0800 hours through 1600 hours. These recordings were
of the thermal conditions in the iceal thermzl environment
classroam and in the deviate thermai environment classyoon.
. The actual themal conditions maintained throughout the
study in both the controlles idecl classroom anc the deviate
classroam as well as the cutsice temperature and humidity
are reported in Tavie IV for the hours 0969 through 1500.

Each cay curing the stuly the mean tcmperéture
was computed for the Iceal thermal envircrment ciassic cOm,
the deviate thermal enviroriment ciassroom, and the oul:-
side temperature. TFor this computation the readinzs re-

ported in Table IV were used. The results of Taese compu-

tations are shown in Figure 2. ' )

Selection of the Control and Exnerimentzl Group

Q)

The matched groups were placed In tne contr

O
'-l
s
*3
9

the experimental group by & fiip of a coin. Usina tais
procedure, Group A students were piaced in the experimental

classroom and Group B studentis were placed in the cenzrolled
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ciassrocm. The experinmental grous was placed in tic cless-
rcom that had the controlled ideci thexxdal envircazent anc
the control group wes nlacec in the classrocz thet haé th

deviate thermal envirchniea<.

The specific lezrninz skills znd sussect areas
j? J

"

measured for this study were:

1. Spelling

2. Handwriting

3. Accuracy on an adding machine

4. lataematics problens

5. Science

rour of these skills were selected as they involved
regular eiementary schcol subjects. Spelling, hand ing,
mathematics and science are offered in nearly every elencn-
tary school. Accuracy on an adcing machine was inciucded &s
it.approximates typewriting as a subject.

. These five sxills anc subject areas were also

selected as they involved a variety of learning aptitudes.

In addition to selecting the skills and subject
areas for the above reasons, they were selected beczuse

student achievement in each area could be objectively



o

i3

n.ecasured.

The skille and subject creas were teught 5v an
Iowa certifiec elementary teacher. The teacher and ne> role
zn the study is explained in greaver cetail late:r in i
chapter. All siillis and sudject areas ncasuwred for tris
study were taught by the scac teacher -adé srescernted to ecch
ciass in as icentical & meInod as humanly pessible. =% cil

times the skills anc subject arcac were presented o L0Th

.

Tie control group ard the experimental group using an accent-

eG teaching method. Th: sxkilis and cudliact areas were pre-
sented as follows:

f‘l..

Soe._ins - The method used to each &ad to tost

spelling acnicvament was the nethod currently uscd ot tha
State University of Iowa's Elementary Scheol. Using thils

wmethod <the ctudents werc given speliing lessens Yonday,

Wednesday and rriday. Each Monday thc s+tudents were present-

ed twenty new spelling words. A review of the wercs was
given on Wednesday. On Fricday the students took & %est over
Tthe speliing words. This Friday test score was uscd Zor
neasuring spelling achievemeat,

Irn order to insure coatrol of instructional nethods

in both classes, al. spelling iInstructions to the students

were given via a tape recorder,




The speliing worcs used in The study were teken

-
N e

- - * - 1 g - [
ircr Tne lew Icwo SDJ;;IEE SCale,. ihe words chose:. were :

setween the 35 percent to 30 percent level of difficulty |

U

-

for the fifth arade. Afxter The words were chosen they were |

placed in groups of twenty ifor each iesson by neans of &

table of random numsers. In onder +o5 insure the clarity |
” the tape recordings, <o Toct the word list, aanc the

1o the first threec veeks J

0
cl
’J

validity of the metioc ol instou
lessons were first useo in the Stote University of Iowa's
Clementary Scnhool 1a the spring cof 1965, These tests were
conéucted with fourh grace punils,

-

A wesk Dy week spelliing list of tae werds used in

(o))

this study is presented in Apperndix B of this report.

nonc.piting - The landuriting systen used IO“ this

13

study was the Zaner-Blozer systen. This
since it was the mrethold in vwhich the students nad previous-
iy received inctructicn in the Saydel Schooi. Handwriting
was taught twenty :iinutes deily during a four wesk period
of the study, September 13 threovgh Ccitober 8, Using the
Triday hendwriting work, each stucent was given a handwrit-

ing score. All handwriting was evaluated using Feldt's

|
ystem was chosen

: Harry A. Creune, The New Iowa Sneiling Scale, State

Uaiversity of Iowa, a, 16355,
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Science - ALl scicnce usec in this study waes Taug:

by units neing preaoramec icaraing materiels. Tae pregrased

materials used were produced by Coraet Leamaing filims and
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were taught by a special teacher. This special teacher was
a fully certified Icwa elementeary :eacher. <This special
teacher formerly taught thirc gracde in the Joanston Pudblic
Scheols.

the regular classroon tecchers were aessicned to-
the control group and the experiicntail groun Sy the ?rin-
cipal of the Norwoodville Zlementary Schcol. The specicl
teacher taught all the lezrning tasks to -oTh The sTucents
in the controlled ideal thermel envivonment ciosarocs and
those in the deviate thermal eavironaent classroos. The
.special teacher was selected Dy the rrseersher ans the
Superintendent of Schools of the Saycel Scrool Distriew.
This teacher was repeatecly toid of the necesc’+v o be
consistent in teaching boih Eo0UDs, ALl leariin: tagis
that were measured ir this study were taught <o 5cth £0uDs

ol students by the same teacrher aicd in the sase WaY .

-3
b
23
(0]
(@)
th
7
H

Each week the special teacier rotated the vire of

day each skill and subject areca was taught. This was cone
in order that each skill and subiect area would >e Taught

to Doth the control group and the experiment:l group at

the same time of day. For cxauple, if spelling was tauzat

“o“




~?

[ $o]

ac 10:00 a.m. 'in <the contirol group and at 10:30 a.me It

“

The experimental groud, tThe Iolleowing weeX the experinen-
tal group would have spelling at 10:l0 a.m. anc the control
group at 10:30 a.m.

Tabie V lists <hc Cate anG <ire eacnt ©of the skizis

and subject areas were tauzhit To <ne two groups.

- A -

Measures oOFf Achlcverent

The students' cchievenent scores were xXedT Curing

[ ga b

the entire coursc o0 The stuGy. The method uced To devere

mine students' raw scores was explained csrevicusly under

End - Ld
-~ TLICs cnasTeY,

O

The secticn entitled Skill and Suiject /reas

*

sazlysis ¢l Dite

This study was concerned sinply with the question:
O students attending scaool for a given uvime period, under
a controlled thermal enviromment thet is considered icezl,
A0 better, on the wnole, than students who attend for <hs
same pericd of <wime under & controiled thb:nal envirornent
that daviates quite markecdly from the ideal? The statistical
aull hypothesis that was tested in an attempt to answer <his

question was: the achievemernt :icans for a given skill ox

subject area are the same for both of these treament -
J -
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populations.

An enalysis wes carricu out using the last week's
score coilccted in cach skill and subject area in an effort
to assess possible differences between the two treatment
soouds. In acditicn, each group was sudbdivided into a low
ability level and iato & hizgh atiiity icvel, using the in-
teiliszence test scores, in ordier o test fo» poscible inter-
action effects = = i.&.. treatw.ent x levels. Taz statis-
Ticai test used'for this analycis was an analysis of variance
(Linccuist Tyne I).

£ seconc aaclvais was mi.Ce in an eIfort to assess
possible éissimileritics between the progress (learning)

curve for tThe two treautncent grouns. <This test was based on
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science, accuraCy, anc matnemetics. Since the subjects in
the two samples nave been natched cr aal reGq, a treaiment
(thermal cornditicn) Dy week analysis of variance was used to

test for possible diilerences not only in the overall level

of the two lecarning curves, but more particularly in their

[4))]

E. T. Lindaquist, Design anc Anaivsis of EZxperiments in

.""O

2svcrolocy &ng rducation, rougnton ViIflin Company,
BOStCh, 4356, DPpe 207/=273.

P .
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slopes or patterns = - Z.e., D= ticuiarly to test ior pos-
si>le interaction beiween treztaent {roups and trial week.y
performances. As in the second analvsis, the <reatrent
groups were subcdivided into a low apility level and into

a high ability level in order to test Ior possidble inter-
sction effects - - i.e., trials x treatmeat x levels. The

statistical test usec fo» this enalysis was an analysis of

[ep

vepiance (Lirndcuist Tyze VIo.

Level ¢f Cirnificance

A level o significance hac to Le chosen that
toox into ccccunt thc censcguences cf rejecting a true
nypothesis and taat of ritaining a false Lypothesis. Re=
Secting a twruac hypoihicsis is cal.ed a Type I Zrror; retain-

ing & felse nyoothcsic Is ecalled a Type Ix Error. Setting

e}

a vesy high ievel of sigaificance would controi a Type I
Error. However, by sevting & very high level of signif-
icance 2 Type II Evrrer is more ilkely to occur. Therefore,
in each experiment the level oi significance rust be set
reaiizing the effecis o beth & Type I Error and a Type II

Zrroy.

hiGe, PPe 292-297,

Y




The Qresuits of maxking & Type II IZrrer in Ihis

study does not appcar TO Sc as sericus es making a Tvoe I
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the low ability level was 22.2.
The interaction on the last trial of treatments <
X levels was not significant. This interaction is illus-

trated graphically in Figure 9.

Analysis of Variance by Tvpe VI Design

Table XIV contains the mean scores of the math- ’
ematics trials for all nine weeks. Table XIVa contains the |
analysis of variance summary of all weekly mathematics |
scores.

From Table XIVa it can be observed that the dif-
ference between groups was not significant.

O However, the difference between the high ability
level and low ability level was significant (F=1u4.3u488).
The mean for the high ability level was 25.8. The mean for
the low ability level was 20.4.

Figure 10 illustrates the curves for the inter-
actions. The F values of all the interactions were not

significant.

Analysis of Science Scores

Analysis of Variance by Type I Design

The means received in the science test for the last

Friday is presented in Table XV. The analysis of variance

L
‘
|
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Treatments x Levels

30

28 -

26 |-

24 |~

Means

e2 |-
20 -
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T l 1
High Low
Levels

Figure 9

INTERACTION FOR MATHEMATICS SCORES- LAST
WEEK ONLY
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TABLE XIVa

ANALYSIS OF VARIANCE SUMNMARY

MATHEMATICS SCORES - ALL NINE WLEKS

115

df

Source ns F (df)
Between S 21 333.8978
Levels 1 2925.1152 14,34y88* 1,20
error (b) 20 204,1369
Within S 374 55,3594
Trials 8 $57.7099
Treatment 1 13.4570. 0,0332 1,20
Treat. x Trials 8 33.8713 1.u4689 8,160
Trials x Levels 8 57.8911
Treat. x Levels 1l 121.1094 0.2986 1,20
Treat. x Trials x Levels 8 23,3455 1.0124 8,160
Error (w) 340 - 44,6685
Errorj(w) 160 21.1631
Errory(w) 20 405,5904
Errorj(w) 160 23.0587
Total 330
Fgg = 4.35 df=1,20 *F Significant
Fog = 2.00 df=8,160
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TABLE XV

GROUP MEANS FOR SCIENCE SCORES - LAST WEEK ONLY

Treatments x Levels

117

Groups " High Low |
(Treat.) Levels Levels Mean
Exp. 21.8 14,5 18.2
Cont. 16.6 15.4 16.0
Means 19.2 15.0 17.1

TABLE XVa
ANALYSIS OF VARIANCE SUMMARY
SCIENCE SCORES = LAST WEEK ONLY
_SOurce df ms F (df)
Between S 21 80,1732
Levels 1l 200.8181 2.7086 1,20
error (b) 20 74,1409
Within S 22 84,2727
Treat. 1 52.3636 0.6151 1,20
Treat. x Levels 1 99,0000 1.1629 »20
error (w) 20 85.1318
Total B3

Fog = 4.35 df=1,20 *F Significant




sumnary of the last trial of the science scores is pre-
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